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Summary
The extraction of active components from natural sources depends on different factors.
The knowledge of the effects of different extraction parameters is useful for the optimiza-
tion of the process, as well for the ability to predict the extraction yield. The aim of this
study is to examine the influence of solvent concentration (ethanol/water 40–80 %, by vol-
ume), temperature (40–80 °C) and solvent/raw material ratio (10–30 mL/g) on the extrac-
tion yield of phenolic compounds, flavonoids and antioxidant activity from black mul-
berry (Morus nigra L.) leaves. Experimental values of total phenolic content were in the
range from 18.6 to 48.7 mg of chlorogenic acid equivalents per g of dried leaves and total
flavonoids in the range from 6.0 to 21.4 mg of rutin eqivalents per g of dried leaves. Anti-
oxidant activity expressed as the inhibition concentration at 50 % (IC50 value) was in the
range from 0.019 to 0.078 mg of mulberry extract per mL. Response surface methodology
(RSM) was used to determine the optimum extraction conditions and to investigate the ef-
fect of different variables on the observed properties of mulberry leaf extracts. The results
show a good fit to the proposed model (R2>0.90). The optimal conditions for obtaining the
highest extraction yield of phenolics and flavonoids were within the experimental range.
The experimental values agreed with those predicted, thus indicating suitability of the
used model and the success of RSM in optimizing the investigated extraction conditions.
Key words: black mulberry leaves, response surface methodology, phenolics, flavonoids,
DPPH
Introduction
Dietary antioxidants are important components be-
cause they protect against free radicals such as reactive
oxygen species in the human body. Free radicals are
known to be responsible for degenerative diseases of age-
ing and are recognized as major factors causing cancer,
cardiovascular disorders and diabetes (1). In the last few
decades, fruits, leaves, fruit and leaf extracts and seeds
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have received much attention as sources of bioactive sub-
stances such as antioxidants, antimutagens and anticar-
cinogens (2-4). The total antioxidant activity of plant
food is the result of individual activities of each of the
antioxidant compounds present such as vitamin C, toco-
pherols, flavonoids, antocyanins and phenolic acids, being
the major phytochemicals responsible for antioxidant
activity of plant material (5,6). Plant phenolics are struc-
turally diversified class of phytochemicals with high
antioxidant activity. Naczk and Shahidi (7) reported in
their review that this fact affects the difficult choice of
standardized methods of extraction.
Extraction efficiency is commonly a function of pro-
cess conditions. Quantitative extraction of active consti-
tuents is an important step before analysis. The quantity
of analytes extracted from different matrices depends on
the type of matrix, extraction techniques and conditions
(8). Many factors, such as solvent concentration, extrac-
tion time, temperature, pH, liquid/solid ratio and par-
ticle size, may significantly influence the liquid-solid
extraction (9-14). The positive or negative role of each
factor in the mass transfer of the process is not always
obvious; the chemical characteristics of the solvent and
the diverse structure and composition of the natural prod-
ucts ensure that each material or solvent system shows
different behaviour, which cannot be predicted (15). Re-
sponse surface methodology (RSM) is a statistical meth-
od that uses quantitative data from appropriate experi-
mental designs to determine and simultaneously solve
multivariate equations. These equations can be graphi-
cally represented as response surfaces which can be used
in three ways: (i) to describe how the test variables af-
fect the response, (ii) to determine the interrelationships
among the test variables, and (iii) to describe the com-
bined effect of all test variables on the response (16).
Mulberry is a fast-growing deciduous plant that
grows under different climatic conditions, i.e. tropical,
subtropical and temperate (17). It is valued for its foli-
age, which constitutes the chief feed for silkworms. The
leaves are nutritious, palatable and non-toxic, and are
stated to improve milk yield when fed to dairy animals
(18). Different kinds of research have investigated vari-
ous properties of whole mulberry fruits, mulberry fruit
extracts, mulberry leaves and mulberry seed oil. Gecgel
et al. (2) reported that the black mulberry seed consisted
of 27.5–33.0 % of crude oil, 20.2–22.5 % of crude protein,
3.5– 6.0 % of ash, 42.4–46.6 % of carbohydrates and 112.2–
152.0 mg of total phenolics per 100 g of mulberry seeds.
Arabshahi-Delouee and Urooj (19) studied the antioxi-
dant properties of various solvent extracts of mulberry
leaves and stated that the methanolic extract, with the
highest amount of total phenolics, was the most potent
antioxidant in all the assays used. In another study
where the chemical compositions of white, red and black
mulberries were compared, it was stated that the high-
est total phenolic and flavonoid yields were observed in
black mulberry (20). However, to our knowledge, there
are few reports on the optimization of mulberry leaf ex-
traction (21,22), and this is the first study on the optimi-
zation of extraction conditions of phenolic compounds
and antioxidant activity of mulberry plants grown in
Serbia and central Balkan region. This information will
be of considerable value to the commercial growers of
mulberry trees or pharmaceutical industry for potential
mulberry supplement production.
The aim of this study is to determine the effects of
the investigated parameters (temperature, liquid/solid
ratio and solvent concentration) on the antioxidant activ-
ity of the extracts and the extraction yield of phenolic
compounds from black mulberry leaves, and to obtain a
response surface model for the extraction yield of total
phenolics and total flavonoids, as well as for the deter-




and Folin–Ciocalteu reagent were purchased from Sigma-
-Aldrich GmbH, Sternheim, Germany. Chlorogenic acid
and rutin were purchased from Sigma-Aldrich, St. Louis,
MO, USA. Aluminium chloride hexahydrate, anhydrous
sodium carbonate and sodium acetate trihydrate were
purchased from Merck (Darmstadt, Germany). Commer-
cial N2 (Messer, Novi Sad, Serbia) was used. All other
chemicals and reagents were of analytical reagent grade.
Sample preparation
In this research dried plant material was used. Vouch-
er specimens (Morus nigra L. No. 2-1753, Rimski [an~evi,
Novi Sad, Serbia, UTM 34TDR2 01) were confirmed and
deposited at the Herbarium of the Department of Bio-
logy and Ecology (BUNS Herbarium), Faculty of Natural
Sciences, University of Novi Sad, Serbia (23). The samples
of mulberry leaves were dried naturally (in shade and
in a draught) during one month. Immediately after dry-
ing, the samples of leaves were processed, and then
ground in a blender before the extraction. Particle size
was determined using sieve sets (Erweka, Munich, Ger-
many), and mean particle size was (0.31±0.03) mm.
Plant samples (10 g) were extracted using a solvent
of different compositions (ethanol/water 40–80 %, by
volume), at a temperature of 40–80 °C, and solvent/raw
material ratio of 10–30 mL/g. The extraction process was
carried out using a bath thermostat (Laborgerätebörse
GmbH, Burladingen, Germany). The obtained extracts
were stored in a flask, filled with N2 and kept at 4 °C to
prevent oxidative damage until analysis.
Determination of antioxidant compounds
The content of total phenolics (TP) in the extracts
was determined by the Folin–Ciocalteu method (24,25),
and was expressed as mass (in mg) of chlorogenic acid
equivalents (CAE) per mass (in g) of dried mulberry
leaves. The reaction mixture was prepared by mixing 0.1
mL of ethanolic solution of liquid extract (5 mg of dried
leaves per mL), 7.9 mL of distilled water, 0.5 mL of the
Folin–Ciocalteu reagent and 1.5 mL of 20 % sodium
carbonate. After 1 h, the absorbance at 750 nm was
measured against a blank, which had been prepared in a
similar manner, by replacing the extract with distilled
water. Triplicate tests were conducted for each sample.
The content of total flavonoids (TF) was determined
by aluminium chloride colourimetric assay (26) using
rutin as a standard, and it was expressed as mass (in
mg) of rutin equivalents (RE) per mass (in g) of dried
mulberry leaves. Flavonoids from mulberry extracts were
extracted using the following procedure: 1 mL of mul-
berry ethanolic liquid extract was evaporated and dis-
solved in 2 mL of extraction medium (70 %, by volume,
methanol; 5 %, by volume, acetic acid and 25 %, by vol-
ume, distilled water) at room temperature for 60 min.
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The resulting solution was filtered through Whatman
paper no. 4 and the filtrate volume was adjusted to 10
mL. The probes were prepared by mixing 5 mL of ex-
tract, 1 mL of distilled water and 2.5 mL of AlCl3 solu-
tion (26.6 mg AlCl3·6H2O and 80 mg of CH3COONa dis-
solved in 20 mL of distilled water). A blank probe was
prepared by replacing AlCl3 solution with distilled water.
The absorbance of the probes and blank probe was mea-
sured immediately at 430 nm. Triplicate tests were done
for each sample.
DPPH· scavenging assay
The free radical scavenging activity of mulberry leaf
extract was determined as described by Espin et al. (27).
Briefly, the mulberry extract was mixed with methanol
(96 %) and 90 mM DPPH to give a final concentration of
0.05, 0.075, 0.1 and 0.2 mg/mL. After 60 min at room
temperature, the absorbance was measured at 517 nm
and expressed as radical scavenging capacity (RSC/%).







where As is the absorbance of sample solution, and Ab is
the absorbance of a blank sample.
This activity was also expressed as the inhibition con-
centration at 50 % (IC50), i.e. the concentration of the test
solution required to scavenge 50 % of the initial radical.
The values are presented as the mean of three measure-
ments.
Experimental design
One of the common experimental designs used for
engineering purposes is a Box-Behnken design that in-
cludes three variables and three factorial levels (29). The
independent variables used in this study were solvent
concentration, extraction temperature and liquid-solid
ratio. Coded and uncoded levels of the independent
variables and the experimental design are given in Table
1. Coded value 0 stands for centre point of the variables
and is repeated for experimental error. Factorial points
are coded as ±1.
Second-order polynomial equation was used to ex-
press the investigated responses (Y), namely the total
extraction yield of phenolics (in mg of CAE per g), total
flavonoid yield (in mg of RE per g) and IC50 value (in
mg/mL) of the mulberry extracts as a function of the
coded independent variables, where X1, X2…Xk are the
independent variables affecting the responses Y; b0, bj
(i=1, 2...k), bii (i=1, 2...k), and bij (i= 1, 2…k; j=1, 2…k) are
regression coefficients for intercept, linear, quadratic, and
interaction terms, respectively; k is the number of vari-
ables. Coded independent variables for our experiment
are solvent concentration, temperature and liquid/solid
ratio.





=∑ ∑11 2k k bijXiXj /2/
Statistical analysis was performed using RSM soft-
ware Design-Expert® v. 7 (Stat-Ease, Minneapolis, MN,
USA). The results were statistically tested by the ana-
lysis of variance (ANOVA) at the significance level of
p=0.05. The adequacy of the model was evaluated by
the coefficient of determination (R2) and model p-value.
A mathematical model was established to describe the
influence of single process parameter and/or interaction
of multiple parameters on each investigated response.
Response surface plots were generated with the same
software and drawn by using the function of two fac-
tors, and keeping the other constant.
Results and Discussion
Analysis of the model
Effects of solvent concentration (ethanol/water 40–80
%, by volume), temperature (40–80 °C) and solvent/raw
material ratio (10–30 mL/g) on antioxidant compounds
(phenolics and flavonoids), and antioxidant activity of
mulberry extracts in terms of IC50 value were studied by
RSM. Experiments were performed according to the Box-
-Behnken design (Table 2). The results of the statistical
analyses are presented in Table 3. The coefficients are re-
lated to coded variables. The ANOVA results for model-
led responses are reported in Table 4. Joglekar and May
(30) suggested that for a good fit of a model, R2 should
be at least 0.80. In our study, the R2 values for these
response variables were higher than 0.80, indicating the
adequacy of the applied regression model. Fig. 1 shows
the parity plot of the observed and predicted values for
modelled responses. The best way of expressing the effect
of any extraction parameter on antioxidant phenolic com-
pounds and antioxidant activity within the investigated
experimental range was to generate response surfaces of
the model (Figs. 2–4). The final goal of response surface
methodology is the process optimization. Thus, the de-
veloped models can be used for simulation and optimi-
zation.
Effect of extraction conditions on the content of total
phenolics in the extracts
Solubility of phenolics is governed by their chemical
nature in the plant that may vary from simple to very
highly polymerized substances. Plant material may con-
tain various quantities of phenolic acids, phenylpropa-
noids, anthocyanins and tannins, among others. There is
a possibility of interaction of phenolics with other plant
components and this interaction may lead to the forma-
tion of complexes that may be quite insoluble. Solubility
of phenolics is also affected by the polarity of the used
solvent(s). Therefore, it is very difficult to develop an ex-
traction procedure suitable for the extraction of all plant
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Table 1. Coded and uncoded levels of independent variables





Low (–1) Middle (0) High (+1)
solvent
concentration/% X1 40 60 80
temperature/°C X2 40 60 80
liquid/solid
ratio/(mL/g) X3 10 20 30
phenolics (7). Fig. 2 shows the 3D surface plots of the
interactive effects of the independent variables corre-
sponding to the response variable. It can be seen that the
extraction yield of phenolic compounds of mulberry ex-
tracts increased with the increase of solvent concentration
up to about 75 %. Furthermore, the TP increased also
with the increase of extraction temperature up to about
65 °C, after which further increase in temperature did
not cause a significant change in total phenolic yield. It
can be seen that the TP increased with the increase of
liquid/solid ratio and reached maximum at about 20
mL/g. Any further increase in liquid/solid ratio did not
increase the yield of the extraction of phenolic com-
pounds. The TP of mulberry extracts varied from 18.63
to 52.43 mg of CAE per g of dried leaves, according to
different investigated parameter levels. Our research
shows better results than previous studies based on
mulberry leaves grown in other regions of the world.
Mulberry leaves grown in Serbia showed higher content
of phenolic compounds than mulberry leaves grown in
Pakistan and India (19,22).
The influence of solvent concentration (45–80 % of
ethanol) and temperature (30–70 °C) on the extractabil-
ity of total phenolic content from the branch bark of
black mulberry was published by Wu et al. (21). The
authors reported that maximum content of total pheno-
lics was obtained in terms of 77.95 % ethanol and 70 °C
temperature, which is confirmed by our study. Thus, an
increase in the temperature increased the diffusion co-
efficient, and hence the rate of diffusion and the content
of total phenolics in the extracts. The same conclusion
was confirmed by the study of Joki} et al. (31). Type of
solvent is the most investigated factor. Rostango et al.
(32) found that it is necessary to add a certain amount of
water to the extraction solvent in order to improve the
extraction of phenolic compounds. The water content
higher than 60 % resulted in a reduction of the extraction
yield of the same components. Syzdowska-Czerniak et
al. (33) reported that care must be taken when adjusting
the parameters of temperature and solvent concen-
tration, because higher temperatures reduce the polarity
of solvents, thus increasing its capability to extract non-
-polar compounds.
The effect of the solvent/sample ratio has been in-
vestigated for different raw materials by many authors
(10,34,35). Our research has shown that liquid/solid
ratio has a positive effect; in fact, the higher the sol-
vent/solid ratio, the higher the total amount of solids
obtained. This is consistent with mass transfer principles;
the driving force during mass transfer is the concentra-
tion gradient between the solid and the bulk of the liq-
uid, which is greater when a higher solvent/solid ratio
is used. Also, interactions of the extracted compounds
with the solvent could have modified the activity coeffi-
cients and thus the solubility of the compounds. Similar
results about the effect of temperature and solvent/solid
ratio on the extraction of phenolic compounds were also
reported for milled berries by Cacace and Mazza (35),
and for grape pomace by Pinelo et al. (15), who also
found similar relationship of temperature and liquid/solid
ratio with extraction yields.
The response surface was generated based on the








where Y represents the dependent variable (content of
total phenolics in the extracts) and X1, X2 and X3 repre-
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1 40 40 20 30.3 14.1 0.051 –1 –1 0
2 40 60 10 18.6 11.0 0.048 –1 0 –1
3 40 80 20 30.3 12.3 0.078 –1 1 0
4 40 60 30 19.0 12.0 0.038 –1 0 1
5 60 40 10 23.9 8.5 0.047 0 –1 –1
6 60 80 10 28.6 9.1 0.049 0 1 –1
7 80 60 10 32.0 6.0 0.051 1 0 –1
8 80 80 20 31.9 8.3 0.052 1 1 0
9 80 60 30 31.6 6.6 0.065 1 0 1
10 60 80 30 37.8 10.6 0.033 0 1 1
11 60 60 20 47.8 21.4 0.022 0 0 0
12 60 60 20 45.6 20.3 0.021 0 0 0
13 60 60 20 48.7 19.5 0.019 0 0 0
14 60 60 20 47.9 20.3 0.022 0 0 0
15 60 60 20 52.4 20.3 0.031 0 0 0
16 80 40 20 34.1 13.3 0.068 1 –1 0
17 60 40 30 32.1 13.2 0.060 0 –1 1
TP content of total phenolics in the extracts is expressed in mg of CAE per g of dried mulberry leaves
TF content of total flavonoid in the extracts is expressed in mg of RE per g of dried mulberry leaves
IC50 is expressed in mg of extract per mL
sent the independent variables (solvent concentration,
temperature and liquid/solid ratio).
Table 4 shows the test statistics for the model (F-test
and probability) of TP. The probability (p-value) of re-
gression model was 0.0043, which means that there was
a statistically significant multiple regression relationship
between the independent variables and the response
variable. The R2 value for this response (Table 3) was
0.9203, which means that the response surface model
could explain more than 92 % of the variation of the
studied response variables, thus indicating that the vari-
ability of responses was explained well by the model.
The lack of fit, which measures the fitness of the model,
resulted in no significant F-value (p>0.05) in terms of
the studied response variables, indicating that the model
was sufficiently accurate for predicting the response vari-
ations. The coefficients of the regression equation and
p-values for TP are shown in Table 3. The second-order
terms of solvent concentration, temperature and liquid/
solid ratio (X12, X22, X32), and the first-order term of
solvent concentration (X1) had significant effects (p<0.05)
on the TP of mulberry extracts. The interactions between
the investigated variables had no significant (p>0.05)
effect on the extraction yield of phenolics.
Effect of extraction conditions on total flavonoid yield
Flavonoids are considered as phenolic compounds
with the highest antioxidant activity due to their chemi-
cal structure (36). The effects of solvent concentration,
temperature and liquid/solid ratio on the flavonoid yield
of black mulberry extracts, as well as their interactions,
are shown in Fig 3. It can be seen that TF in the extracts
increased with the increase of ethanol concentration from
40 to 60 %. Further increase of ethanol concentration led
to the decrease in the flavonoid yield. The polarity of
the solvent plays an important role in the selective ex-
traction of different flavonoid families. Furthermore, the
TF increased with the increase of liquid/solid ratio up
to about 20 mL/g. Similar results were published by
Cacace and Mazza (37). The TF also increased with the
increase of extraction temperature from 40 to 60 °C,
while further increase of temperature led to the decrease
in TF. Depending on the different investigated para-
meters, the TF of black mulberry extracts varied from
6.0 to 21.4 of mg RE per g of dried mulberry leaves (Table
2). Also, the extracts obtained in our study have a higher
content of total flavonoids in the extracts compared to
the extracts obtained in previous studies (19,22). For one
group of authors (12,38,39), who investigated plant ex-
traction, the operational conditions were: ethanol concen-
tration 50 % and temperature above 50 °C, like in our
study. All authors agree that an increase in the extrac-
tion temperature improves extraction process, enhancing
both the solubility of the solute and the diffusion coeffi-
cient, but also beyond a certain temperature, phenolic
and flavonoid compounds can be denaturised (10,11).
The quadratic term for all three investigated para-
meters had a significant effect on the TF of the extracts
(Table 3). As for the significance of the polynomial co-
efficients, their p-values suggest that the most important
factor influencing the extraction yield of flavonoids was
solvent concentration. Analysis of the results showed that
all the investigated interactions had no statistically signi-
ficant effect on the TF. From Fig. 1, a good agreement
between the observed and predicted values for TF in mul-
berry extracts can be seen. Polynomial model tested for
the selected response was significant at 95 % confidence
level (p=0.05; Table 4). The model F-value of 28.35 im-
plies that models for selected responses are significant.
The goodness of fit of the model was checked by the
determination coefficient that was found to be 0.9733 for
the response of the extraction yield of flavonoids, which
indicates that less than 3 % of the variations could not
be explained by the model. Analysis of variance also
shows that the regression models for TF had no signi-
ficant lack of fit (p>0.05).
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X1 3.92 1.56 6.31 0.0403
X2 1.03 1.56 0.44 0.5302
X3 2.18 1.56 1.95 0.2054
X12 –11.09 2.15 26.51 0.0013
X22 –5.76 2.15 7.16 0.0317
X32 –12.10 2.15 31.55 0.0008
X1X2 –0.57 2.21 0.066 0.8042
X1X3 –0.19 2.21 0.007 0.9327




X1 –1.90 0.45 17.72 0.0040
X2 –1.10 0.45 5.95 0.0448
X3 0.95 0.45 4.46 0.0726
X12 –4.89 0.62 61.66 0.0001
X22 –3.42 0.62 30.17 0.0009
X32 –6.54 0.62 110.27 <0.0001
X1X2 –0.79 0.64 1.54 0.2549
X1X3 –0.10 0.64 0.025 0.8792




X1 0.0027 0.0028 0.91 0.3729
X2 –0.0017 0.0028 0.38 0.5569
X3 –0.00004 0.0028 0.0002 0.9897
X12 0.024 0.0039 29.99 0.0009
X22 0.015 0.0039 22.01 0.0022
X32 0.0087 0.0039 2.60 0.1510
X1X2 –0.010 0.0040 7.01 0.0330
X1X3 0.0059 0.0040 2.26 0.1763
X2X3 –0.0073 0.0040 3.38 0.1085
R2=0.9131
X1=solvent, X2=temperature, X3=liquid/solid ratio
p<0.01 highly significant, 0.01p<0.05 significant, p0.05 not si-
gnificant
The mathematical model representing the TF (Y) as
a function of the independent variables (in terms of coded
values) within the region under investigation was ex-







where Y is the flavonoid yield, X1 is solvent concentra-
tion, X2 is temperature and X3 is liquid/solid ratio.
Effect of extraction conditions on the antioxidant
activity of mulberry extracts
The IC50 values were used to report the DPPH scav-
enging capacity of mulberry extracts. The IC50 value is
the required initial concentration of a selected antioxi-
dant sample to quench 50 % of the free radicals initially
present in the reaction system; therefore, a higher IC50
value corresponds to a lower antioxidant activity in the
sample (27).
The estimated constants, coefficients of linear, quad-
ratic and interaction effects calculated by multivariable
linear regression are shown in Table 3. Fitting the con-








where Y is the IC50 value, X1 is the solvent concentration,
X2 is temperature and X3 is liquid/solid ratio. Among
the three independent variables tested, only the quad-
ratic term for all three investigated parameters had a
significant effect on the antioxidant activity of mulberry
extracts.
In the present experiment, the model with the p=
=0.0056 was statistically significant, which implies that
the model was suitable for this experiment. Meanwhile,
the lack of fit of this model was insignificant with the
p=0.0658. The response equation fitted the experimental
data with R2=0.9131, indicating that 91 % of the vari-
ability in IC50 value can be explained by the model pre-
sented in Eq. 4. The plot of the observed vs. the pre-
dicted values of responses Y is shown in Fig. 1. The plot
shows a close fit of the observed values with the pre-
dicted ones. The complete quadratic model showed a
good fit and appeared to reasonably represent the data.
Some researchers reported that the antioxidant activ-
ity was correlated well with TP, suggesting that poly-
phenols have a major influence on the antioxidant activ-
ity (11,12). The response surface of IC50 value as a function
of independent variables within the experimental range
was generated by using the empirical model presented
in Eq. 4. The generated response surfaces (Fig. 4) show
that the minimum IC50 value of the extracts was at
about 60 °C, which means that the antioxidant activity
of the extracts was higher at this temperature. Further-
more, it can be seen that solvent concentration, tempera-
ture and liquid/solid ratio showed a quadratic effect on
the investigated response. IC50 value decreased up to
about 60 % ethanol concentration, followed by further
increase of IC50 value. Temperature of the extraction is
important parameter in the process optimization; high
temperature degraded antioxidant compounds (11). The
study of Azizah et al. (9) reported that the compounds
of the extract were stable at all temperatures (except
higher than 90 °C), which is the opposite of our find-
ings. In some studies, decreasing the liquid/solid ratio
resulted in an increase in the antioxidant activities to a
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Table 4. Analysis of variance (ANOVA) of the modelled responses
Source Sum of squares Degree of freedom Mean square F-value p-value
Total phenolic content
Recovery
model 1578.47 9 175.39 8.98 0.0043
residual 136.69 7 19.53
lack of fit 111.82 3 37.27 6.00 0.0582




model 416.53 9 46.28 28.35 0.0001
residual 11.43 7 1.63
lack of fit 9.50 3 3.17 6.55 0.0505




model 0.0046 9 0.0005 8.17 0.0056
residual 0.0004 7 0.00006
lack of fit 0.0004 3 0.0001 5.54 0.0658
pure error 0.00008 4 0.00002
total 0.0050 16
certain level, like in our study. On the other hand, the
effect of solvent concentration on the antioxidant activ-
ity of the extracts was investigated in some studies (12,
13,35,37). All authors reported that the interaction be-
tween temperature and ethanol concentration mainly af-
fected the antioxidant activity, like in our research.
Optimization of the extraction of black mulberry
leaves
Optimization is an essential tool in food engineering
for the efficient operation of different processes to yield
a highly acceptable product. During optimization of ex-
traction process, several response variables describe the
quality characteristics of the obtained extracts. Some of
these variables need to be maximized, while others need
to be minimized. To optimize the process with two or
more output responses, it is helpful to use the concept
of desirability function (Fig. 5). The desirability function
is one of the most widely used methods for optimiza-
tion of multiple response processes in science and en-
gineering. Desirability ranges from zero to one for any
given response. A value of one represents the ideal case,
while zero indicates that one or more responses fall out-
side the desirable limits (40).
The main goal of this research was to find the best
settings for the extraction, i.e. the most optimal solvent












































































































































































Fig. 2. Response surface plots showing the effects of investigat-
ed parameters on the extraction yield of phenolics and their in-
teractions: a) liquid/solid ratio was constant at 20 mL/g, b)
temperature was constant at 60 °C, c) solvent concentration was
constant at 60 %
concentration, temperature and liquid/solid ratio. Desir-
ability function was developed for the following criteria:
maximum content of TP and TF, and maximum antioxi-
dant activity (minimum IC50 concentration) in dried leaves.
By applying desirability function method, the optimum
extraction conditions were obtained: ethanol concentra-
tion of 59.47 %, temperature of 59.92 °C and liquid/
solid ratio of 20.73 mL/g. The total extraction yield of
mulberry phenolic extracts was calculated to be 48.5 mg
of CAE per g of dried leaves, the flavonoid yield was
20.4 mg of RE per g of dried leaves and IC50 value was
0.023 mg/mL. The good correlation between these re-
sults confirmed that the response model was adequate
for the intended optimization.


















































































Fig. 4. Response surface plots showing the effect of the investi-
gated parameters on the IC50 value and their interactions: a) liq-
uid/solid ratio was constant at 20 mL/g, b) solvent concentra-














































































































































Fig. 3. Response surface plots showing the effects of investigat-
ed parameters on the extraction yield of flavonoid and their in-
teractions: a) temperature was constant at 60 °C, b) solvent con-
centration was constant at 60 %, c) liquid/solid ratio was con-
stant at 20 mL/g
Conclusion
High correlation of the mathematical model indicat-
ed that a quadratic polynomial model could be employed
to optimize the solid–liquid extraction of antioxidants
from black mulberry leaves. From response surface plots,
three factors (ethanol concentration, operating tempera-
ture and liquid/solid ratio) significantly influenced the
phenolic and flavonoid content of black mulberry leaf
extracts. The optimal conditions to obtain the highest
extraction yield of phenolics and flavonoids from mul-
berry leaf extracts, as well as maximum antioxidant ac-
tivity were ethanol concentration of 59.47 %, tempera-
ture of 59.92 °C and liquid/solid ratio of 20.73 mL/g.
Under optimal conditions, the experimental values were
in agreement with the predicted values.
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